Aim To evaluate students' academic success at delivered in a traditional continual course, spread over the two semesters, or in alternating course blocks.
In the context of medical curriculum reforms within global restructuring and harmonization of higher education (1, 2) , gross anatomy still has a core position in the education for a future physician. However, anatomy, together with other basic medical sciences, has moved from classical, dissection-based teaching methods toward integration with other basic and clinical courses, problem-based learning, and distinct clinically-oriented approach (3, 4) . In a restructured medical curriculum, which now includes new courses and new academic activities, anatomy cannot be anymore taught as it was in the past -long dissection laboratories, spread over the semesters of the academic year and with the emphasis on very detailed knowledge of anatomical structures. Many classical anatomists have voiced concerns for the loss of anatomy class hours and declining dissection time in the modern curriculum (5), although systematic review of published research on dissection as a teaching method in gross anatomy demonstrated that there was a lack of objective evidence and that more rigorous and sophisticated research designs were needed to answer the question about the best way to teach anatomy (6) .
In addition to issues such as best teaching methodology and quantity and structure of contact hours in an anatomy course, the temporal organization of an anatomy course has emerged as a problem in many medical schools moving away from a traditional European medical curriculum to a restructured integrated curriculum. In the traditional curriculum (7, 8) , basic medical science courses in the first 3 curriculum years run in parallel during winter and/or summer semesters, and students can sit the exams at a general examination term during winter and summer. In contrast, clinical courses in the final 3 curriculum years have been traditionally delivered in temporal blocks and students had the opportunity to sit the exams both at the end of the course and during general exam terms. With the curriculum change within the Bologna process of harmonization in higher education in Croatia (2,7), most medical schools also switched to block delivery of basic medical courses. Anecdotal reports from teachers suggested that block teaching of basic medical courses did not lead to satisfactory learning outcomes for students. Furthermore, concerns have been raised that the condensation of the same teaching and learning course load into a limited temporal frame would be detrimental for students' psychological well-being and the ability to cope with the burden of the first year of the medical study. The psychological stress of the first curriculum year has been described both in medical (9,10) and non-medical university settings (11) , indicating that the students perceive the first year of study as a survival course and use learning strategies suited to such an environment. In medicine, this psychological stress may be particularly related to anatomy, as the first truly medical subject requiring the acquisition of special language with more than 5000 terms of the current anatomical nomenclature (12) .
The first aim of this study was to investigate possible differences in the outcomes of two preclinical medical courses, Anatomy and Chemistry, between continual and block systems of curriculum delivery. The Chemistry course was chosen for 2 reasons. One was that Chemistry course is considered similar to Anatomy course in its importance and difficulty, at the same time being a subject with which most of the students had been familiar already from their pre-university education. The other reason was the temporal sequence of the two courses during block delivery: the two courses were delivered to 2 groups of students, so that one group first attended the Anatomy and then the Chemistry block course and the other group first attended the Chemistry and then the Anatomy block course. This course setting allowed the investigation of possible association between the timing of the courses and their outcomes for students, which was the second aim of this study.
MetHoDS Courses
Traditional continual delivery. Until 2002/03 academic year, the first-year courses at the Zagreb University School of Medicine had been continually taught throughout the year, divided into 2 semesters ( Figure 1 ). All students attended courses running in parallel, which had different total duration and different weekly class hour loads for students.
The Anatomy course was taught twice a week and had a total of 210 class-hours in 2 semesters (27 hours of lectures, 15 hours of seminars, and 48 hours of laboratory practice in the first; and 28 hours of lectures, 35 hours of seminars, and 57 hours of laboratory practice in the second semester). Students' knowledge acquisition during the academic year was monitored at 4 interim written tests during the 2 semesters (A1 -locomotor system, A2 -head and neck, A3 -thorax and abdomen, and A4 -central nervous system and organs of sensation Medical Chemistry and Biochemistry I was also delivered in a single block, each lasting 4 weeks, for 2 groups of students. The course had 100 class hours (20 hours of lectures, 44 hours of seminars, and 36 hours of laboratory practice), with an average of 5 classes per working day. The course was followed by a written multiple-choice test in the second week after the end of the block (50 questions, pass level: 60% correct answers) and a final oral exam.
The Anatomy and Chemistry course blocks alternated, so that the students who attended first the Anatomy course moved to the Chemistry course. At the same time, the second group of students attended first the Chemistry and then the Anatomy course ( Figure 1 ). The block courses were held in spring of 2004 and were preceded by the following courses, each delivered in a single block for 3 student groups: Biology (4 weeks), Physics (2 weeks), Social Medicine (2 weeks), Elective Courses (2 weeks), and First Aid (1 week).
Data collection
Data on students' success at exams from the two courses in 2 academic years were collected from the student logs of the Department of Anatomy and Department of Chemistry and Biochemistry. For the Anatomy course, the data were available for 243 students in 2001/02 academic year and 260 students in 2003/04 academic year 
Statistical analysis
As most of the data had normal distribution, they were presented as means ±95% confidence intervals (CI) and parametric procedures were used for the analyses. Although grades are categorical variables, they were presented as means ±95% CI and with two decimal places, as is customary for presenting grade point average in Croatia (8) .
Chi square test for comparison of two proportions was used to investigate the differences in proportions of students passing the exam on the first possible exam term between the continual and block delivery format and between the 2 student groups for each course.
We used 2 × 2 ANOVA to investigate the main effects of two independent variables -curriculum delivery format (continual or block) and courses (Anatomy or Chemistry) on students' grades. The interaction of the two independent variables was also investigated. The same procedure was used to investigate the main effects of the courses (Anatomy or Chemistry) and their temporal sequence during block delivery (Anatomy before Chemistry or Anatomy after Chemistry) on students' grades. Again, the interaction between the two independent variables was also assessed.
Finally, we used mixed between-within subjects 2 × 4 ANOVA to investigate the differences between students from two blocks (block 1 -Anatomy before Chemistry and block 2 -Anatomy after Chemistry) in grades from 4 different tests in a single anatomy course (interim test 1, interim test 2, practical, and oral exam). t test for independent samples was used to separately test pair-wise differences between students from the two blocks in their grades on interim exams. Analyses were performed using SPSS for Windows, version 16 (SPSS Inc., Chicago, IL, USA) and MedCalc statistical software (MedCalc, Mariakerke, Belgium).
ReSULtS
As the aim of the study was to explore the association be- Table 1 ). The fraction of students passing the final exam at the first possible exam term was higher for the Anatomy than Chemistry course in 2003/04 academic year (47% vs 34% students, P = 0.004, χ 2 test; Table 1 ). When we analyzed the number of students who successfully passed the course exams in student group 1, which first attended the Anatomy and then the Chemistry block course, or group 2, which first attended the Chemistry and then the Anatomy block course (Figure 1 ), the number of students from the group 2 who successfully passed the exam was significantly lower in the Anatomy than in the Chemistry course (Table 1) .
We found significant main effects of both course (F 1,399 = 25.1, P < 0.001, 2 × 2 ANOVA) and delivery format *the number of first-year students attending Anatomy or Chemistry course differed, depending on the attendance requirements for students who did not pass the examination in the previous academic year and had to repeat the course. †Significantly different from percentage of students passing Anatomy course exam at the first possible term in block 1 (P = 0.004, χ 2 test for comparison of two proportions).
(F 1,399 = 18.4, P < 0.001, 2 × 2 ANOVA) on obtained grades, indicating that they were generally lower in the Chemistry than in Anatomy course and also generally lower in continual than in block delivery format. However, the significant interaction between the course and delivery format (F 1,399 = 35.1, P < 0.001, 2 × 2 ANOVA) revealed that both main effects were due to lower Chemistry course grades obtained by students to whom it was delivered in continual format (Figure 2 ).
We found no significant main effect of either course format (F 1,206 = 0.6, P = 0.442, 2 × 2 ANOVA) or the sequence of courses in block format (F 1,206 = 1.8, P = 0.182, 2 × 2 ANOVA). There was also no significant interaction effect (F 1,206 <0.1, P > 0.950, 2 × 2 ANOVA; Figure 3 ).
Finally, we analyzed all knowledge assessment tests during and at the end of the Anatomy course for students who qualified for the final examination by passing 2 interim written tests and being waived the written part of the final exam (Figure 4 ). The number of such students was significantly lower in group 2 (Anatomy after Chemistry block) than in group 1 (Anatomy before Chemistry block): 21% vs 47% (P < 0.001, test of proportions). We found no differences in grades between students from the two blocks (F 1,87 = 1.0, P = 0.313, between-within subjects 2 × 4 ANO-VA). There was a significant difference in their grades on the interim assessments (F 3,85 = 28.8, P < 0.001, betweenwithin subjects 2 × 4 ANOVA), with grades from practical test and oral exam being significantly lower than grades on 2 interim tests (P < 0.001 for all pair-wise comparisons; Figure 4 ). Within subjects contrasts analysis of the interim test grades revealed a significant decreasing linear trend (F 1,87 = 48.2, P < 0.001, between-within subjects 2 × 4 ANOVA). Although students from group 2 obtained lower grades on the practical test than their peers from group 1 (P = 0.036, independent samples t test; Figure 4) ; the interaction effect between tests and student groups was not significant (F 3,85 = 2.4, P = 0.070, between-within subjects 2 × 4 ANOVA).
DISCUSSIoN
Our study demonstrated that the outcome of the Anatomy and Chemistry courses in the first-year curriculum generally did not differ between the academic years when these courses were delivered in alternating temporal blocks or when they were spread over the academic year. Furthermore, the outcome of the courses were similar when they were delivered as course blocks to 2 student groups in an alternating sequence in the same academic year. These findings imply that the type of temporal delivery of a basic course in a medical curriculum is not a major determinant of students' academic courses, especially as the two types of delivery were related to the similar examination success in these structure and teachers involved, as well as the content of the course.
The findings of the study have to be evaluated in the view of study limitations, primarily its observational design, which does not allow us to make conclusions about causative relationship between the type of temporal delivery of the course and its outcome for students. We used a historical control of a different academic year with the traditional delivery of the courses for comparison with courses delivered in time blocks. These student cohorts differed not only in the type of course delivery, but in many other factors that could possibly influence the outcome of the course, such as exact instruction time, teachers' involvement, availability of textbooks and other teaching materials, and general change in the medical curriculum. This was the reason why we did not compare the success at Anatomy interim exams for the 2 academic years, as the number and timing of the interim exams differed, which would even more preclude the making of meaningful conclusions about knowledge acquisition during the continual or block course delivery.
The increase in the average exam grade observed for the Chemistry course between the students cohorts with continual and block delivery may be related to several factors other than the temporal type of course delivery. One of them may be the change in the exam structure because the final exam in the 2001/02 academic year was based only on a written test, whereas in the 2003/04 academic year it included both a written test and final oral exam. The increase in the average exam grade between these two years may thus be related to decreased expectations of examiners, as it has been shown for anatomy courses in 8 medical schools from The Netherlands, where the anatomy teachers had the lowest expectations about students' knowledge of clinical anatomy, compared with clinicians, recent graduates, and students from higher years of study (13) . The increase in average grades may also be a part of a general trend of grade increase reported for some courses at the Zagreb University School (14) . Finally, possible limitation of the study could be the choice of the study sample, which included only students who passed the course exams at the first possible exam term after the end of the course (about a third for Chemistry course students and about a half for Anatomy course students). Our primary aim was to assess how the temporal delivery of the courses and their place in the academic year calendar affected the outcome of the studying during the course, and not the overall impact of course delivery on the requirements for the enrolment in the next year. Students had at least 3 more opportunities to sit the exams until the end of the academic year, but analysis of success at these exams would introduce more confounding factors, including difference in the difficulty of the written or practical part of the exam, number of students sitting for the exams, and attitudes of the teachers toward students coming to different exam terms. Our current research is focused on a more comprehensive analysis of the type of course delivery and academic success of all students after the change from continual course delivery to block course delivery.
The comparison between 2 different student groups which attended the Anatomy and Chemistry block courses in alternating sequence was performed on the same cohort of students but was limited by its quasi-experimental design because the students were not randomly allocated to the groups. The difference in grades for the 2 students groups of the Anatomy block course was found only for the practical test grade. The significance of this finding should be interpreted with caution as there is no evidence on the reliability of the scores or grades from practical laboratory examinations (tag tests) in Anatomy (6) . It may also be related to the choice of structures for the test by the examiners.
The limitation of the study was that we used a single and summative assessment measure of the course outcomegrade at the final examination. Examination grade is not a true reflection of a specific learning outcome of the course, but rather a reflection of students' ability to pass an examination (6) . It has been documented that students usually compensate for any educational intervention, driven by their wish to pass the course and receive good grades (6) . A true learning outcome from a course would depend on a number of factors, including, but not limited to, the prior knowledge of the students; their intelligence; emotional concerns; self-instruction time; quality of lectures, seminars, and practical laboratories; quality of course materials; teacher performance; teacher-to-student ratio and cadaver-to-student ratio; active dissection time; and quality of cadaver material for the anatomy course (6) . Some of these factors are difficult to measure and others vary from an academic year to another, so it would be virtually impossible to account for all of them in most experimental research designs.
Given these methodological constraints, it can be concluded that there is no sufficient evidence that the type of temporal framework for course delivery and time sequence of Anatomy and Chemistry courses influence students' grades in general. More methodologically rigorous studies are needed to address this complex issue but the decision on the best timing and duration of an individual course should be based on best available evidence and not on educational tradition or fashion of the day.
For individual students, coping with the time allocated for the Anatomy course was not easy. The analysis of grades in the sequence of interim knowledge test and final exam for the students with best academic performance showed a significant decreasing trend from the beginning to the end of the block course, regardless of its timing with other courses, especially the Chemistry course. This finding indicates that the Anatomy course, regardless of the number, duration, or difficulty of the preceding courses, is an intellectually demanding task, even for the academically most successful students. Faced with such a physically and psychologically demanding course (15) , students may change their learning strategies (11) , reflected in the change in grades obtained at sequential knowledge tests, as observed in this study. Differences in the type of examination (written multiple-choice test vs practical stage exam) and their importance (interim tests vs summative grades on the final exam) may have also contributed to the decreasing trend in course grades.
In conclusion, there is little evidence that focusing on the duration and best timing of preclinical courses is relevant for a successful change in a medical curriculum, at least within the framework of an academic setting following the central European tradition in medical teaching (7). What we can recommend on the basis of the general findings of this study is that medical educators should focus more on the content, size, and quality of their basic medical courses such as Anatomy and Chemistry (15, 16) . To achieve this commendable goal, educators should focus on how much knowledge should be acquired in a course (13) and pursue scientifically rigorous research into curricular interventions to promote high-quality learning relevant for the practice of medicine.
